Abstract. This paper describes a preliminary study of the possibility for greenhouse interference during ammonia measurement in the 200nm-230 nm region. An absorption spectrum for ammonia was compared with the greenhouse gases absorption lines to theoretically justify that there were no discernible interference effects during the ammonia concentration measurements. It was theoretically found that the primary greenhouse gases namely ozone, methane and nitrous oxide have no significant interference for ammonia sensing in the 200nm-210 nmregion.
Introduction
Greenhouse gasesare the gases in an atmosphere which absorb energy from the solar and some proportions are reradiated towards the Earth's surface which results in an additional warming and this process is the fundamental cause of the greenhouse effect [1] . The primary greenhouse gases in the Earth's atmosphere are water vapor, carbon dioxide, methane, nitrous oxide, and ozone [1] . Since the greenhouse gases consist of variety of gases, a development of a gas sensing system that is uniquely sensitive to one particular gas is necessary as many gas sensors are susceptible to cross sensitivity issues such as reported by Berberichet al [3] . Therefore an investigation on the interference of the non-targeted gas is important in order to produce a reliable sensing system. An optical fiber sensor using an open path technique for ammonia detection and measurement had been developed and previously reported [2] . Therefore an interference study needs to be performed in order to test the reliability of the sensor to measure ammonia gas in the presence of the greenhouse gases. The interference study only focuses on the primary greenhouse gases since there are too many gases existing in the atmosphere.
Furthermore these greenhouse gases are known to increase rapidly in the atmosphere and this is mainly contributed by fuel combustion as shown in Fig. 1 [4] . This is a possible cause for the interference of the greenhouse gases become more significant. In this initial investigation, only three greenhouse gases namely, methane, nitrous oxide, and ozone were theoretically examined for potential interference with ammonia gas. The interference for the other two greenhouse gases, water vapor and carbon dioxide had been previously reported [5] . It was experimentally proven that these two gases had insignificant interference with ammonia gas in the wavelength region within 200 nm -230 nm.
Theory
Different gas species absorb light at different characteristic wavelengths and for ammonia gas, it has its own specific gas absorption spectrum. A comprehensive collection of absorption cross sections for gaseous molecules can be accessed from the Max Planck Institute, MPI Mainz UV-VIS database [6] including ammonia gas.
The data from this database [6] vary from source to source and they depend on temperature and wavelength range. Only one that suits the future experimental condition parameter is selected and compared. The theoretical absorption cross section reported by Chen et al [7] shows that ammonia gas absorbs light at many wavelengths in the UV region. The peaks vary at different wavelength from 172 nm to 217 nm as shown in Figure 2 . However the interference study for the ammonia gas with the greenhouse gases are restricted to 200-230 nm wavelength range as the ammonia sensor developed [2] is designed to detect ammonia gas within this wavelength range.In this initial interference investigation, the absorption spectra for ammonia gas and the greenhouse gases were theoretically compared. It is possible for the interference with the greenhouse gases to occur if the absorption spectra overlap with the ammonia spectrum within the same wavelength region. The overlapping spectrum comparison method for interference study in this investigation is a common method and used in many research projects [8] [9] [10] . 
Analysis
Interference with unrelated measured such as greenhouse gases is a significant constraint particularly when performing a gas concentration measurement in a rich greenhouse gases environment e.g. in a tunnel. Since the interference problems can affect the accuracy of the measurement, different approaches have been employed to overcome this problem, such as using gas separation techniques [11, 12] or a ratio calculation [13] . In this paper, the interference possibility with the three greenhouse gases which were methane, nitrous oxide, and ozone was investigated and discussed. The absorption data for the greenhouse gases, nitrous oxide and ozone absorption spectra were obtained from the MPI Mainz UV-VIS database [6] . However there was no data available for methane in the wavelength range of 200 nm-230 nm in the database [6] and therefore it was assumed that this gas does not absorb any UV light in the 200 nm-230 nm wavelength ranges.
The absorption spectra for nitrous oxide and ozone were plotted and compared with the ammonia absorption spectrum in the 200 nm-230 nm region as shown in Fig. 3 .
Based on the absorption spectra comparison shown in Figure 3 , the absorption amount for nitrous oxide is relatively small compared to ammonia spectrum in the 200 nm -230 nm region and it can be considered as negligible. This means that nitrous oxide does not absorb light relative to ammonia in this wavelength region. On the other hand, the absorption amount for ozone is gradually increased within the 200 nm -230 nm wavelength range. The absorption amount becomes significant relative to ammonia in the wavelength region above 210 nm. Therefore it is possible for the interference with the ozone gas to occur if the ammonia measurement was made above 210 nm wavelength region. However the interference with the ozone gas could be rectified if the ammonia measurement was made at the selected wavelength lower than 210 nm. This is because ozone gas does not significantly absorb any UV light relative to ammonia in the wavelength region lower than 210 nm. These are therefore clear advantages in measuring the ammonia absorption cross section within the 200 nm to 210 nm wavelength region, as there are no possible interference issues with the common greenhouse gases.
Conclusions and Future Work
A preliminary study of the primary greenhouse gases interference for ammonia measurement in the wavelength of 200 nm -230 nm range has been described. It is clear that there is no potential interference for ammonia measurement in the presence of the nitrous oxide in the wavelength region of 200 nm -230 nm. However interference has the possibility to occur in the presence of ozone gas if measurement was made in the wavelength region above 210 nm. Therefore it is recommended that the ammonia measurement is made at selected wavelength within 200 nm and 210 nm to avoid any possible interference with these greenhouse gases. Future work will focus on the experimental tests to verify this theoretical greenhouse interference throughout the ammonia measurement. Consequently it will be possible to produce a good ammonia sensor with no interference issue with the common greenhouse gases.
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